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Clinical Investigation and Reports 



Smooth Muscle Cell Abundance and Fibroblast 
Growth Factors in Coronary Lesions of Patients 
With Nonfatal Unstable Angina 

A Clue to the Mechanism of Transformation From the Stable 
to the Unstable Clinical State 

Moshe Y. Flugelman, MD; Renu Virmani, MD; Rosaly Correa, MD; Zu-Xi Yu, MD; 
Andrew Farb, MD; Martin B. Leon, MD; Amir Elami, MD; Ya-Min Fu, MD; 
Ward Casscells, MD; Stephen E. Epstein, MD 

Background, The mechanisms responsible for the transformation of stable angina to unstable angina, a 
mz\oT cause of morbidity and mortality, are commonly believed to be plaque rupture and thrombosis. We 
determined whether additional mechanisms are operative by analyzing the histopathology and immuno- 
histopathology of coronary plaques retrieved by directional atherectomy of patients with unstable angina 
in whom no intraluminal thrombus was demonstrated by angiography. 

Methods and Results. The histological findings of atherectomy specimens from 34 patients with unstable 
angina were compared with those of 24 patients with postangioplasty restenosis, whose lesions are known 
to be composed of smooth muscle cells (SMCs), and 10 patients with stable angina, whose lesions contain 
relatively few SMCs. We also studied the expression of acidic and basic fibroblast growth factors (aFGF 
and bFGF), whose role in the vascular response to iiyury has been established. Specimens from unstable 
angina resembled those from postangioplasty restenosis in regard to SMC abundance (scale, 0 to 3; 
1.4±0.9 versus 1.7±0.9; F=NS), and both differed from those of stable angina. Thrombus and/or 
hemorrhage occurred in only 34% of patients with unstable angina (compared with 8% of restenosis 
patients and in none of stable angina patients). Active lesions (defined as lesions containing one or more 
of the following: thrombus, hemorrhage, abundant and disorganized SMCs in the presence of loose 
connective tissue, or inflammatory infiltrate) were observed in 56% of the unstable angina patients and in 
50% of the restenosis patients but in none of the stable angina patients. The expression of aFGF and bFGF 
was detected in 80% to 100% of unstable angina (n=ll) and restenosis (n=10) specimens but in only 1 
of 5 stable angina specimens. 

Conclusions, Microscopic evidence of thrombosis and plaque rupture occurred in only one third of 
unstable angina patients, selected because they had no angiographic evidence of intracoronary thrombus. 
Moreover, their lesions resembled those of restenosis patients in regard to SMC abundance, lesion 
activity, and the expression of aFGF and bFGF. Our findings therefore suggest that an alternative 
mechanism to plaque rupture and thrombus formation may be operative in the precipitation of unstable 
angina; namely, in a subset of patients, SMC proliferation may lead to gradual plaque expansion and 
thereby to lumenal narrowing and unstable angina. Our data also suggest a role for aFGF and bFGF in 
this process. (Circulation. 1993;88:2493-2500.) 
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Unstable angina pectoris is a major cause of 
morbidity and mortality leading to 750 000 
hospitalizations annually in the United States 
alone.i Thrombosis and primary plaque rupture have 
been implicated as the mechanisms responsible for the 
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transformation of asymptomatic stable coronary lesions 
to symptomatic unstable lesions; however, definitive 
histopathological evidence has been available only in a 
subgroup of patients with fatal unstable angina pecto- 
ris.^-'* It is therefore possible that other mechanisms 
may also contribute to the precipitation of unstable 
angina. 

One such mechanism was suggested to us by studies 
on the pathogenesis of postangioplasty restenosis, a 
condition that shares the rapid but usually not precipi- 
tate development of clinical signs of increasing coronary 
obstruction. Because smooth muscle cell proliferation 
has been shown to be a primary causal mechanism in 
the restenosis process,^'* in the present investigation we 
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Table 1. Demographic and Angiograptilc Data 



Gr up 


Ag , Mean 
(Range) 


S X 


V ssels Diseased, 
N . 


Ath rect my 
Sit 


Stable AP (n=10) 


66 y (53-77) 


Male, 10 Patients 
Female, 0 Patients 


1 , 5 Patients 

2, 2 Patients 

3, 3 Patients 


LAD, 5 Patients 
Cx, 2 Patients 
RCA, 2 Patients 
Other, 1 Patient 


Unstable AP (n=32) 


61 y (41-76) 


Male. 27 Patients 
Fennale, 5 Patients 


1, 15 Patients 

2, 1 2 Patients 

3, 5 Patients 


LAD, 20 Patients 
Cx, 6 Patients 
RCA, 3 Patients 
Other, 3 Patients 


Restenosis (n=24) 


59 y (34-80) 


Male, 20 Patients 
Female, 4 Patients 


1, 10 Patients 

2, 10 Patients 

3, 4 Patients 


LAD, 13 Patients 
Cx, 2 Patients 
RCA, 7 Patients 
Other, 2 Patients 



RCA, right coronary artery. 

examined the hypothesis that a similar mechanism is 
responsible for the development of nonfatal unstable 
angina pectoris. 

To estimate the importance of smooth muscle cell 
proliferation in the development of this clinical syn- 
drome, we compared atherectomy specimens of lesions 
of unstable angina patients with those of restenosis 
patients, whose relatively cellular lesions are known to 
be composed predominantly of smooth muscle cells,^-^ 
and with those of stable angina patients, whose lesions 
are composed of dense collagen and contain relatively 
few smooth muscle cells in the fibrous cap.^ As an 
integral part of this concept, we also sought to deter- 
mine the relative abundance in these lesions of both 
acidic and basic fibroblast growth factors (FGF), as both 
are important mediators of smooth muscle cell prolifer- 
ation and migration. ^^'-^^ 

Methods 

Patients 

Atherectomy specimens from 70 consecutive patients 
undergoing directional coronary atherectomy were an- 
alyzed. The patients were referred to a tertiary referral 
center (Washington Hospital Center) for angiographic 
diagnosis and therapy. Patients with evidence of signif- 
icant coronary narrowing (>60% narrowing of a major 
epicardial artery) and lesion anatomy favorable for 
directional atherectomy were included in the study. 
Patients with total coronary occlusion and those with 
unequivocal angiographic diagnosis of intracoronary 
thrombus underwent different revascularization proce- 
dures and thus were not part of the current investiga- 
tion. Three patients were excluded from the study 
because their atherectomy specimens contained only 
media or were too small to be informative. A fourth 
patient was excluded from the study because a consen- 
sus in regard to the pathological findings could not be 
reached. Thus, the study consisted of a total of 66 
patients. 

Patients were classified according to their admission 
diagnosis into one of the three following groups: (1) 



unstable angina pectoris (32 patients), defined as one of 
three clinical syndromes: angina pectoris occurring at 
rest (17 patients), recent onset angina pectoris (<2 
months' duration) (10 patients), and accelerated angina 
pectoris (5 patients), (2) postangioplasty restenosis (24 
patients), defined by atherectomy being performed at 
least 1 week after angioplasty (mean, 4 months; median, 
2 months; range, 1 week to 19 months), and (3) stable 
angina pectoris (10 patients). 

Tissue Preparation 

Atherectomy specimens were fixed at the time of the 
procedure in 10% buffered formalin. Tissue was dehy- 
drated in graded series of alcohol and embedded in 
paraffin block. Serial sections were stained for hematox- 
ylin and eosin, Movat's pentachrome, Mallory's phos- 
photungstic acid hematoxylin (PTAH), and Masson's 
trichrome stains.'^ Serial unstained sections were used 
for immunohistochemistry. 

Immunohistochemistry 

In 26 atherectomy specimens, immunohistochemistry 
was performed using polyclonal antibodies against 
acidic and basic FGFs. Anti-basic FGF1.24 IgG was a 
kind gift from Dr A. Baird, La Jolla, Calif (concentra- 
tion used, 2.0 Mg/inL), and the antiacidic FGF50.82 was a 
kind gift from Dr J. Sasse, Tampa, Fla (concentration 
used, 2.5 /ig/mL). Both antibodies have been described 
previously.^5 Specimens were incubated with the pri- 
mary antibody overnight at 4°C. Incubation with bioti- 
nylated secondary antibody was carried out at room 
temperature, followed by incubation with avidin and 
biotinylated horseradish peroxidase complex (ABC 
method, Vector Labs). The sections were counter- 
stained with methyl green. Two controls were used: (1) 
nonimmune rabbit serum and (2) antibodies pread- 
sorbed with acidic or with basic recombinant human 
FGF. Due to the small amount of tissue retrieved by 
coronary atherectomy, the specificity of the antibodies 
to human acidic and basic FGFs was assessed by 
Western blotting of protein extracts from four human 
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Fig 1. A, Atherectomy speci- 
men from a patient with stable 
angina pectoris. The few cells 
evident are separated by 
dense collagen. B. Atherec- 
tomy specimen from a patient 
with unstable angina pectoris. 
Note the hypercellularity, the 
disorganization exhibited by 
the smooth muscle cells, the 
loose connective tissue, and 
the presence of inflammatory 
cells. C. Atherectomy speci- 
men from a patient with postan- 
gioplasty restenosis. The simi- 
larity to the specimen of the 
unstable angina patient is ap- 
parent. Hematoxylin and eosin 
stain; magnification x160. 



coronary arteries. The four arteries were excised from 
the hearts of patients undergoing heart transplantation. 
The underlying cause of transplantation was ischemic 
cardiopathy (2 patients) and dilated cardiomyopathy (2 
patients). The arteries were frozen in liquid nitrogen 



after adjacent tissue was trimmed, and 200 mg of 
arterial segments was homogenized and proteins were 
extracted from the homogenate. The extracted proteins 
were incubated with heparin-Sepharose beads for 18 
hours at 4°C. At the end of the incubation, the beads 



Table 2. Histological Findings 

Thrombus and/or SMC Predominance Scale 0 to 3 

Group Hemorrhage Active Lesions (mean±SD) 

Stable AP(n=10) 0 0 0.7±0.6 

Unstable AP(n=32) 11 (34%) 18(56%) 1.4±0.9 

Post-PTCA restenosis (n=24) 2(8%) 12(50%) 1.7±0.9 

SMC indicates smooth muscle cell; AP, angina pectoris; and PTCA, percutaneous transluminal coronary 
angioplasty. 
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Fig 2. Western blot analysis of human coronary arteries extracts for acidic fibroblast growth factors (FGF) (A) and basic 
FGF (B). Lanes 1 to 4, extracts from human coronary arteries excised from the diseased hearts of patients undergoing 
heart transplantation. Lane 5, human recombinant acidic FGF (A) or basic FGF (B) (50 ng); lane M, size markers. Not 
the distinct 16-18 kD bands in lanes 1 to 5, indicating specific identification of human acidic and basic FGFs by the 
antibodies used for Immunohistochemistry. The higher-molecular-weight bands represent dimers of FGFs. 



were washed in 0.6M NaCl and then boiled. The 
proteins removed from the beads were run in a polyacryl- 
amide gel, with size markers and human recombinant 
acidic and basic FGF (UBI, Lake Placid, NY) as positive 
controls in separate lanes. After blotting the samples to 
nitrocellulose, the blots were hybridized with the anti- 
bodies used for immunohistochemistry and developed 
with anti-rabbit IgG labeled with alkaline phosphatase. 

Histochemical and Immunohistochemical Analysis 

The stained specimens were analyzed by three inde- 
pendent observers blinded to the patient's clinical diag- 
nosis. The specimens were analyzed for (1) the presence 
or absence of thrombus and hemorrhage, (2) the pres- 
ence of smooth muscle cells, based on cell morphology 
and PTAH staining'^ (graded 0 to 3; 0, absence of 
smooth muscle cells; 3, predominance of smooth muscle 
cells in the specimen), and (3) lesion activity, where 
active lesions were defined as containing one or more of 
the following: thrombus, hemorrhage, abundant and 
disorganized smooth muscle cells in the presence of 
loose connective tissue, or inflammatory infiltrate. The 
immunohistochemical sections were classified as posi- 
tive for the presence of acidic or basic FGFs when the 
cell cytoplasm stained brown and negative when no 
peroxidase reaction was noted. Because we previously 
found a good correlation between PTAH staining arid 
immunohistochemistry for a-smooth muscle cell actin 
for the identification of smooth muscle cells in atherec- 
tomy specimens, we used PTAH staining in the present 
investigation to assess predominance of smooth muscle 
cells.i7 

Statistical Analysis 

To compare the rating of smooth muscle cell predom- 
inance, we used the Mann-Whitney test. For dichoto- 
mous variables, we used Fischer's exact or tests. 



Results 

The demographic and angiographic data of patients 
are summarized in Table 1. The three observers agreed 
in 89% of cases in regard to plaque hemorrhage, 78% of 
cases in regard to the presence of thrombus, and in 88% 
of cases with regard to lesion activity. In cases of 
disagreement, the opinion of the majority was used in 
the analysis. For smooth muscle predominance, the 
arithmetical average was used in the analysis. 

Typical lesions of patients with stable angina pectoris, 
unstable angina pectoris, and postangioplasty restenosis 
stained with hematoxylin eosin are shown in Fig 1, and 
the histological findings in the three groups of patients 
are summarized in Table 2. Analysis of the atherectoniy 
specimens of patients with unstable angina pectoris 
demonstrated that while only a minority (34%) of the 
specimens had evidence of thrombus or hemorrhage, 
the prevalence of this finding was still significantly 
higher than in the specimens of patients with restenosis 
(8%) (P<.03) or of those with stable angina (0%). 
Active lesions were observed in about half of both the 
unstable angina (56%) and in restenosis patients (50%) 
but in none of the stable angina patients. Smooth 
muscle cells predominated in the specimens of both 
patients with restenosis and those with unstable angina 
(1.7±0.9 versus 1.4±0.9, P^NS), whereas the lesions of 
patients with stable angina showed far fewer smooth 
muscle cells (0.7±0.6). 

Western blot analysis (Fig 2) demonstrated that the 
antibodies used in the immunohistochemical analysis 
recognized acidic and basic FGFs, as indicated by the 
positive immunoreaction with heparin binding proteins 
extracted from human coronary arteries; these proteins 
were of the identical molecular weight as human recom- 
binant acidic and basic FGFs. 

Typical inmmnohistochemical findings of unstable 
angina patients using antibodies directed against acidic 
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Fig 3. Immunohistochemistry 
of an atherectomy specimen 
from a patient with unstable an- 
gina. In panel A (magnification 
x250), the positive peroxidase 
reaction (immunoreactive 
acidic fibroblast growth factor. 
FGF), demonstrated by the 
brown stain, is localized to the 
cytoplasm. The nuclei are 
counterstained green. Most of 
the cells in the specimen are 
immunoreactive to acidic FGF. 
In panel B (magnification 
x400), most cells are immu- 
nopositive for basic FGF. 



FGF and basic FGF are demonstrated in Figs 3A and 
3B, respectively. Analysis of the immunohistochemical 
staining showed that immunoreactivity for acidic and 
basic FGFs was observed in most patients with unstable 
angina and restenosis and in only 1 out of 5 in the stable 
angina group (20%) (Figs 4A and 4B). 

Discussion 

Previous studies designed to investigate the mecha- 
nisms responsible for the development of unstable 
angina pectoris have concluded that the clinical syn- 
drome is caused by plaque rupture, hemorrhage, and 
thrombus formation.^-^ This conclusion derives from 
studies using post mortem analyses,^-'* coronary angiog- 
raphy/8-23 and coronary angioscopyj^'^ ^s which convinc- 
ingly proved the validity of this causal linkage. The 



presence of thrombus and the contribution of dynamic 
changes of vascular tone (as suggested by experimental 
observations of cyclic flow variations) undoubtedly ex- 
plains the clinical course of many patients with unstable 
angina pectoris.^^ However, many of these studies dem- 
onstrated that a sizeable percentage of patients with 
unstable angina do not have plaque rupture or throm- 
bus that can be identified, at least at the time of the 
studies. Moreover, only a minority of patients with 
unstable angina pectoris will respond favorably to 
thrombolytic therapy.^^ Hence, it would appear that 
plaque rupture and thrombus formation are not the only 
mechanisms leading to the precipitation of unstable 
angina. 

In the present investigation, almost two thirds of our 
patients exhibited no evidence of thrombus on analysis of 
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Fig 4. Bar graphs show classifi- 
cation of the atherectomy speci- 
mens with regard to the pres- 
ence (positive) or absence 
(negative) of acidic (A) or basic 
(B) fibroblast growth factors 
(FGF) in the three groups of pa- 
tients. AP indicates angina 
pectoris. 



tissue derived from atherectomy. This figure underesti- 
mates the prevalence of thrombus in unstable angina 
because only patients who had no evidence of intraluminal 
thrombus on angiography were entered into the study. 
The fact remains, however, that there is still a significant 
number of patients with unstable angina, in this and other 
studies, who have no angiographic or pathological evi- 
dence of intracoronary thrombus.*8-23.28.29 

It must be pointed out that by the time of atherec- 
tomy in this subgroup of patients, it is possible the 
original plaque dissection had healed, and any throm- 
bus originally present had lysed or organized. Hence, 
plaque rupture and thrombus formation cannot be 
definitively ruled out as the common cause of all epi- 
sodes of unstable angina pectoris. Moreover, the size of 
atherectomy specimens is small, and it can be argued 
that the apparent lack of thrombus was due to sampling 
error. The stable angina group is rather small and serves 
mostly to amplify the similarities between the groups of 
unstable and restenosis patients. 

Although our study cannot refute such possibilities, 
the results do provide an alternative mechanism to 
plaque rupture, hemorrhage, and thrombus formation 
in the precipitation of unstable angina in a subset of 
patients. Thus, in the majority of the specimens ob- 
tained from patients with unstable angina, the bulk of 
the lesions consisted of cells in a loose extracellular 
matrix (predominantly glycosaminoglycans); moreover, 
smooth muscle cells were the dominant cell type. Such 
findings rendered these specimens indistinguishable 
from those of patients with restenpsis. This observation 



is conceptually important because human and animal 
studies have provided evidence that arterial injury in- 
duces smooth muscle proliferation and migration with 
the production of loose connective tissue and that this 
mechanism contributes to postangioplasty restenosis. 
The fact that the histological characteristics of the 
lesions of patients undergoing atherectomy for unstable 
angina pectoris are indistinguishable from those of 
patients with restenosis strongly suggests that the mech- 
anism responsible for both may be the same: Smooth 
muscle proliferation and the associated secretion of 
glycosaminoglycans increase the mass of the atheroma, 
which thereby exacerbates the coronary obstruction and 
precipitates an ischemic syndrome. 

Our hypothesis is further supported by the finding 
that the expression of both acidic and basic FGFs are 
prominent in the lesions derived from unstable angina 
patients when compared with the expression of these 
peptides in patients with stable angina. The lesions of 
patients with stable angina were also relatively acellular 
(we must emphasize, however, that our stable angina 
group is too small to make such comparisons definitive). 

Just as the histological appearance of the unstable 
angina lesion was similar to that of the restenosis lesion, 
so was the immunohistochemical appearance; both dis- 
played high levels of expression of acidic and basic 
FGFs. Acidic and basic FGF have been found to 
stimulate proliferation and migration in many cell types, 
including smooth muscle cells, both in vitro and in 
y\yQ^\o,3o-32 prescncc of the growth peptides should 
be regarded as an indicator to the activity of the lesions 
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MINOR PLAQUE RUPTURE? 
MICROTHROMBI? 
INTRAPLAQUE HEMORRHAGE? 
OTHER FACTORS? 



SMOOTH MUSCLE 
CELL PROLIFERATION 



PLAQUE EXPANSION 

CONFORMATIONAL CHANGES 
(+/- plaque rupture & thrombosis) 



UNSTABLE ANGINA 



Rg 5. Proposed scheme for the pathophysiological 
mechanism causing unstable angina In patients in whom 
major plaque rupture and thrombosis do not play a major 
role. 

and should not carry any implications regarding their 
role in the triggering events of unstable transformation. 

We wish to emphasize that our findings do not negate 
the prevailing concept that unstable angina occurs as a 
result of plaque rupture and thrombus formation. We 
believe that these mechanisms undoubtedly account for 
the precipitation of unstable angina in many pa- 
tients.2«-33-^* This concept is supported by the findings of 
histological evidence of thrombus and/or hemorrhage in 
a significant number of patients, even in our selected 
group of patients. Our findings do not negate the 
possibility that changes in vascular tone contribute to 
the development of unstable angina (as a primary cause 
or by triggering the development of plaque rupture or 
thrombus formation). On the other hand, our data 
support the concept that the precipitation of unstable 
angina cannot be ascribed to this mechanism alone. 
Rather, it appears that its pathophysiology is more 
complex and that one of the additional contributing 
causes is smooth muscle cell proliferation, a process that 
may be amplified, at least in part, by acidic and basic 
FGFs. 

This conceptualization, even if correct, does not 
identify the primary precipitating stimulus leading to 
overexpression of acidic and basic FGFs and to smooth 
muscle cell proliferation. We can at this time only 
speculate as to the possible triggering event. Thus, it is 
possible that hemorrhage into a plaque, minor fibrous 
cap tears and dissection, microthrombi with dynamic 
changes of vascular tone, or other mitogenic stimuli lead 
to the expression of multiple growth factors, including 
acidic and basic FGFs, which in turn initiate a cascade 
of events in which the dominant component is smooth 



muscle cell proliferation (Fig 5). This also may be 
associated with migration of smooth muscle cells from 
the underlying media into the plaque and the synthesis 
and secretion by smooth muscle cells of extracellular 
matrix, processes leading to expansion of the original 
plaque. Given the complexity of the process, it is also 
possible that the expansion and resulting conforma- 
tional changes caused by this proliferative mechanism 
may make the plaque more vulnerable to ulceration and 
secondary thrombus formation and that in some pa- 
tients, both of these mechanisms contribute to the 
precipitation of unstable angina. 

Conclusions 

We believe that the development of unstable angina 
is precipitated by plaque rupture and thrombus forma- 
tion in many individuals, but in others it may be caused 
by excessive smooth muscle cell proliferation. Although 
we cannot yet identify the mechanisms that trigger 
smooth muscle cell proliferation in patients whose 
clinical situation changes from a stable to an unstable 
anginal pattern, our findings will, we hope, lead to 
future studies designed to elucidate the responsible 
mechanisms. Such information, once obtained, will un- 
doubtedly improve our approach to the treatment and 
perhaps to the prevention of the development of unsta- 
ble angina pectoris. 
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tmmt\ " Adcaovirvf k M ESfkkmt Vector for Im Vif* Gcm 

f^M/cr aad Cti b« Prefert»ti«Uy Directed st VucaUr 
lorSBOOthMsKflcCeSf 



Aitertosclemsis: 
t Bi logy of the Vessel Wall 

Wednesday Morning 



jdn t WUbnl Michael E. Jcaea. Robert D. Genrt, and Robert S. 
y ^Mi UorTeMsSoiitliMnBMedicilCenitr.D»Utt,TX 

PievwuJ inonpo tt) gcncboUy modify vi«^ 
tfOOifanwKtecdbMvhiolMycgMdlipoauui e me du ^ 
^gert DNA mjecikin, or fwombinim leoovW •t^^ Since (eae 
feSBf cr by dwse meUxxb it iaeflicieas, Ibey mt DnUkely to aber 
biotopc properties of large nomben of ceUs. Recombinaiu 
glenovinM have Kveral chamaeriaka whkh 
Mdn* far farea«n feoe misfar (a) viial ttockt wid» titen <rf a 10* " 
OB be icKlily obtained; (b)adenoianwa |W)Mi^^ 
pi* r ^ T"*"*"'^ «P«" fc^ availabte »ec>og 

wOl accept foreign geaes op » Tkb: (d) is the abaeaoe oC AdEIA, 
^BO»rt genes «re not cxpreaed; (c) lipid infactioo kinetic 
hief qpo—t of tbe «U p op i Utinn: and (Q gene napsduction 
adeqRSMareindepeodeaiof wgaoeUdhnsiOB. Tb iattdy waa 
polsud 10 aem efficacy of ia im adeaovial geae tneaier and 
!«|MkM in labbU vaacr'*- '-^^^'j*' •^A wtiM^ wadeJieUs . A 
nr nrw^*** a llenofv u ttt'ConiaBBiag a gene eacodaig anciear-Jocained 
|.«AlKSOudase expretsed Cm the cytooiegalovinu pna notcr 
CAdCMV-oLac) was ddivtred by (a) direct kjection into 
iiotaied br pwiinal «id distal liga^ 

auMt or (b) perforaiod baUoon catheter ittfams into die waU of 
cMid aienes. Vessel segmnts were harvcant at 4 daya. fixed, 
ttined wiA X-gal and eosia, nd KCtiooed. Hisu)k«ic analysis of 
«cis segmeats revealed highly effideot (20-30%) apreaioa of B- 

i»gt ef&cieat and limited to die ate of medial disniptiqn . j 
Ttea. aiteuo» inu is an eflidem veaor for la ww geoe VMaf cr id j 
»nditc»bepreiaaMiaUydirac»daispecifichycnof / 
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. Nitric Oxide Synthase is Expressed by Endothelial Cells 
Ovcriying Human Atberosdcrotic Plaques. 
Cynthia U Suadcll, Philip A. Marsdcn. Romesh R- 
Subnmanian. Jennifer S. PoUock, David 0. Hanison and 
Josiah N. Wilcox. Department of Medicine, Emory 
Univeisity, Atlanta, GA 

Athen)8defX38is is associated with reduced endothelial- 
derived relaxing factor (EDRF) activity. To determine 
. whedier this is due to decreased synthesis of nitric oxide 
' (NO) synthase, studies were conducted oo nonnal faabooo 
' tissues and nonnal and atbefosclerocic faiman vessels by 
in situ hybridization (ISH) and immunocytochcmistry 
nCC) with probes specific for the oonsiituitive calajun- 
lesulated endothelial NO synthase. NO synthase mRNA 
wu detected by ISH in a subset of endothelial cells in all 
nonnal baboon tissues examined (cerebellum, kidney, 
spleen, adrenal gland and small intestine). NO synthase 
mRNA and protein were also detected in luminal 
endothelial ceUs and subsets of endothelial cdls in the 
adventitial vessels of normal baboon and human aorta. 
In Older to dctcnninc whether NO synthase expression 
may be altered in atherosclerosis, human aortic fatty 
streaks and carotid endarterectomy specimens were 
studied. NO synthase mRNA and protein were found 
nonnally expressed in the luminal and adventiUal 
endothelial cells of 4uman aortic fatty streaks. NO 
synthase expression was also detected in endothelial cells 
overiying fibrous caps of old carotid atherosclerotic 
plaques containing well-developed necrooc cores. These 
data suggest that the loss of EDRF activity associated 
with atherosclerosis is not due to an alteration of 
endothelial NO synthase expression. 



\ 



Inhibition of Macrophaoa NItrle xtdt Synthase by 
Oxidizad LOL 

Xlaochun Yang. Robert R. Sclacca. Paul J. Cannon, 
Columbia UnJvarshy. Now York, NY 

Macfophagoa actkatod by cytokines aynthaslza nitric oxWs 
(NO) which Is vasodiator and cytotoxic. To Invtstlgaia the 
effects of low density Upoproteins (LDL) on NO synthesis. 
J744 macrophaoas Incubated wtth nath/e LOL (n-LDL). 
copper oxWlzed LDL (ox4J)g and acetytated LDL (ac^J)L) 
lor 24 hours and were acthrated with IDCU IFN-y end S 
uQ/nH LPS. NO synthaaa (NOS) acthrtty was assessed from 
nrtrtla accumulaiton In the media and by the capactty o< a 
100.000 X Q. supernatant of ceil homoQenate to form nttrtie 
and citrulllne from l-arginlne. Incubation wtth ox-LDL (25 
of protein/ml) resUted In slgniflcandy decrease* NO 
production (45t15 nmo*es/nd) m comparison to comroi 
LPOS (79±16) and n-LDL (85*19). p<.01. Ac-IJ)L dW not 
algnfficantly InhlWt NOS. The eflect of ox-LOL was 
dose-dependent and exhibited norvwmpetlth/e klrtetlcs 
(substrate range of 40/iM • 200a#M arglnlne In ceU 
supernatant) wtth an IC50 of 25 /ig d proteln/ml. InWbWon 
of NO synthase was also produced by ox*LOU llpWs 
extracted from ox-LDL and by phosphytWyl choline (PC) 
vesicles containing tysophosphytidyl choline, whereas 
n-LDU llpW extracted from n-LDL and PC vesicles did not 
Inhibit the enryme. The data Indicate that ox-LDL InWblU 
nitric oxWe symhase in actuated macrophages. Impaired 
NO synthesis by foam' cells containing ox-LDL may 
contribute to impaired vasodBator responses of 
atherosderotk: blood vessels. 
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•Hltric Oxide and Motsocyte Cheaotaxla* 
Sergei H. Relenky, Richard A ^ Robblna. Israel 
Rublnaceln* Unlveralty 
Center. Onaha. Nebraaka. 

The role of nitric oxide (HO) In vascular 
dlaeaae la unclenr. In order to clarify the 
role of NO In tbe cheaotazla of ■onocytea, 
noxBal peripheral blood huMn swnocytea were 
pxirlfled and t4>elr chaaoC«ctlc ectlvlty 
evaluated In response to fonsyl -■ethyl -leucyl - 
phenylalanine. Three Inhlbltora of nitric 
oxide aynthaae S"-aonoMthyl-L- arglnlne (L- 
HMKA). H*-nltro-L-Argltilne-»ethyl-eater (L- 
HAMS). and L-canavanlne ware evaluated for 
their capacity to It^lblt wmocyte choMtaxla. 
Each reaulted In a algnlfleant reduction of 
monocyte che«)t«ctlc activity (p<0.0l). The 
enantioaerlc apeclflclty of one Inhibitor. L- 
NHHA, vaa evaluated by eveluetlns D-KKMA. D- 
NMMA caused iw reduction In Bonocyte 
che«>tACtlc activity. Beceuae NO la generated 
froa L- arglnlne end propoaed to exert Ita 
effecta by upreguUtlng guanyl cyclase, thus 
Increaalng IntracelluUr levela of cOtt, the 
capacity of L- arglnlne or cCMP to reverae the 
Inhibition of ■onocyte cheaotaxle vas 
evaluated. Both L- arglnlne and cQlP cauaed a 
doae dependent reversal of L-HMMA Inhibition of 
■onocyte che«>taxla. The above data augs«st a 
role for nitric oxide (NO) In the algratlon of 
aonecytea and may have Uportant laipllcatlone 
In the generation of atheroaclerotlc plaquea. 
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